Implementation of Industrial Robot for Painting Applications  by Muzan, Ijeoma W. et al.
 Procedia Engineering  41 ( 2012 )  1329 – 1335 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.07.318 
International Symposium on Robotics and Intelligent Sensors 2012 (IRIS 2012) 
 
Implementation of Industrial Robot for Painting Applications 
Ijeoma W. Muzan1, Tarig Faisal1*, H M A A Al-Assadi2, Mahmud Iwan1 
1Faculty of Engineering, Technology & Built Environment, UCSI University, Cheras, Kuala  
Lumpur, 56000, MALAYSIA 
2Faculty of Mechanical Engineering, Universiti Teknologi MARA (UiTM),  
Shah Alam, Selangor, 40450, MALAYSIA  
Abstract  
Robot for painting is one of the earliest applications for industrial robot, however, the precision and finishing for the painting is an 
important issue for any painting job. Accordingly, the aim of this project is utilize an industrial robot (ABB robot model IRB1410) for 
painting applications. The robot was programmed to paint alphabets using its Flexpendant. The FlexPendant was used to manually teach 
the robot how to follow the paths for specific targets of letters. The robot End Effector (painting tool) was chosen and mounted on the 
robot to perform an effective painting task. It was programmed based on its functionality. Finally suitable painting environment was 
designing. Two software packages were used in this project. The Computer Aided Design (CAD) of the system work-objects and end 
effector was programmed based on Solidworks software. Robotstudio Software used to program the paths and target of the alphabets to be 
painted by the IRB1400 Robot which generate a RAPID GUI code used for robot interfacing. The final results demonstrate that 
implementation such system helps to boost the quality of painting, reduce paint consumption and improve safety. 
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. 
1. Introduction 
Technology is growing at a pace that no one has been able to measure or quantify accurately. We have witnessed the 
invention of robots, machines, electricity etc. Industrial Robots can be used for different applications which simply cut 
across industrial and personal purposes. They perform different tasks based on how they have been programmed or taught 
manually. The project places emphasis on industrial painting using IRB1400 ABB Robots.  
The Robot is a 6-axis Industrial Robot, designed specifically for any industry that uses flexible robot based automation. 
The Robot has an open structure that is adapted for flexible use, and can communicate extensively with external systems. It 
can also be used for project based applications, researches and for industrial purposes. Some application of the IRB1410 
Robot includes welding, cutting, pick and place, assembling, painting, and inspecting etc. Most university uses the robot for 
educational based application. In the case of this project, the robot was used for painting application.  
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2. System Overview  
The basic robotic system broadly defines the mechanics, control, and sensor design of Robots. Mechanics includes the 
design and structure of manipulators, arms, end-effectors, actuators, power, and energy storage. It also consists of the 
kinematics, dynamics of Robots, and simulation of Robot Systems. Control includes both theory and implementation 
(hardware and software) while Sensors include design of sensor systems and algorithms for sensory data acquisition and 
analysis. The study of Robotic System and its components were applied in the project. The project design and simulation 
where based on all the components. The other component that played a very vital role in the project is the design of the 
robot Work Object, air compressor and the paint being used in the spraying process. 
Extensively, a nomenclature list arranged alphabetically, with Greek, subscript and superscript symbols listed separately, 
should be provided. Put a nomenclature above the main text if necessary, in a box with the same font size as the rest of the 
paper. Otherwise all symbols should be identified when first used in the text. The unit of the nomenclatures should be 
clarified following the description text. Authors are expected to use the SI system of units.  Use Mathtype software to edit 
nomenclatures with Greek characters. Here introduce the paper, and the paragraphs continue from here and are only 
separated by headings, subheadings, images and formulae. The section headings are arranged by numbers, bold and 10 pt. 
Here follows further instructions for authors. 
2.1. Manipulator   
This is the main body of the robot; it consists of the links, the joints, and other structural elements. The weight of the 
robot is roughly 225kg. The IRB1410 robot is equipped with an operating system BaseWare OS. The BaseWare OS control 
every aspect of the robot, such as motion control, development and execution of application programs communications. The 
Robot can also be equipped with optional software for application support. The IRB1410 ABB Robot has a payload of 5kg 
and a working envelop (reach) of about 1.44m [7]. The IRB1410 Robot configuration shown in Fig. 1. 
 
 
Fig. 1. IRB1410 Robot. 
 
The model of the links and joints of the IRB1410 Robot can be represented it by Denavit-Hartenberg (D-H) parameter 
table shown in Table 1. 
Table 1. D-H Parameters of the IRB1410 Robot 
 
 
 
 
 
 
 
 
 
Links )(qiT  )(1 qiD  )(1 mmai
 
)(mmdi
 
1 T  90 0 475 
2 T  0 150 0 
3 T  90 600 0 
4 T  -90 120 720 
5 T  90 0 0 
6 T  0 0 85+d 
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where  
d is the extra length associated with the End Effector.  
)(1 qiD  in the rotation of z-axis about the x-axis 
)(qiT is the rotation about the z-axis.  
)(mmdi the translation along the z-axis. 
)(1 mmai the translation along x-axis.  
 
   
The Transformation matrix of the IRB1410 Robot can be determined from [1, 12]; 
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    where; 
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2.2. End Effector  
End effector is the device at the end of a robot manipulator; it is designed to interact with the environment. This tool is 
used to perform the programmed application based on the required task. The Spray gun (F-75S) shown in Fig. 2. is used as 
the end effector for the painting robot. 
The spray gun is suction feed, it has a standard nozzle of Φ1.5mm, the operating pressure ranges from 3-4bar, air 
consumption of 3.5-6cfm, the paint capacity is 750cc, fluid flow is about 120-160(ml/min), and a spout distance of 200mm. 
The spray gun is actuated by a 2HP, 1.5KW air compressor. The air compressor has a rated pressure of 8bar, output volume 
of 188L/Min, 38L tank, and a cylinder of 47mm. The spray gun is actuated by a 2HP, 1.5KW air compressor. The air 
compressor has a rated pressure of 8bar, output volume of 188L/Min, 38L tank, and a cylinder of 47mm. 
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Fig. 2. F-75S Spry Gun. 
Paint is any liquid, liquefiable, or mastic composition which after application to subtract in a thin layer is converted to 
an opaque solid film [3,4]. Acylic enemal paint was used the painting robot process. The following material is needed for 
any painting process and some are vitally important for safety purposes; safety glasses, hearing protection, filter mask 
with organic vapor, spray gun, air hose, pressure regulator, paint, solvent, angle grinder with cap brush, wire brush and 
paint object. The workobject used in the Painting Robot is a wooden board.    
2.3. Actuators  
Actuators are like the muscle of the manipulator. They are controlled using the robot controller. They convert stored 
energy into movement [1].  The robot controller actuator uses air compressor when operational. A directional control valve 
shows in Fig. 3 was used in the direction of air fluid.  
 
Fig. 3. 5/2 ways directional Control Valve.  
The directional control valve have a fast response time of 12ms or less at a pressure of 0.5MPa without light/surge 
voltage suppressor and 15ms or less at a pressure of 0.5MPa with light/surge voltage suppressor. The valve weight is 
about 80g,  and 24VDC operating voltage [2]. 
2.4. Sensor, Controller, Processor, Software and Painting and Object  
Sensors are used to collect information about the internal state of the robot or to communicate with the outside 
environment. Sensors integrated into the robot send information about each joint or link to the controller, which 
determines the configuration of the robot. 
The integrated signal supply of the IRB1410 Robot is 12 single on upper arm with an integrated air supply of 
maximum 8bar on upper arm. The 24VDC omron relays was used as the sensor, to send signal to the directional control 
valve indicatng when to activate the air compressor. This signal are usually sent to omron relay from the input/output 
signal controller of the robot [2,7]. 
The controller of the robot controls the motion. It receives its data from the computer; control the motion of the 
actuators, and coordinates of the motion with the sensory feedback information. The IRC5 controller is used to control the 
IRB1410 ABB Robot and Virtual FlexPendant is used to control the IRC5 controller. They are both connected by a cable 
[6, 10]. The programming flowchart of the robot is shown in Fig. 4. 
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Fig.4: Programming Flowchart 
 
The processor is the brain of the robot. It calculates the motions of the robot joints, determines how much and how fast 
each joint must move to achieve the desired location and speeds, and oversees the coordinated actions of the controller and 
the sensors. The processor is a computer, which works like other computers, but is dedicated to a single process. It 
requires an operating system, programs, monitors, and have capability of a computer processor. The FlexPendant is used 
as the controller for the IRB1410 ABB Robot. It works as the operating device for the robot. All application task and they 
program are being uploaded into the flex pendant.  
BaseWare OS is the processor operating system of IRC5 controller of the 1RB1410 ABB Robot. The BaseWare OS 
controls every aspect of the Robot, like motion control, development and execution of application programs 
communications [7]. There are three groups of software used in the robot. BaseWare OS is the operating system of the 
robot, Robotstudio programming was used in programming the robot task and Solidwork was used in Computer Aided 
Design of the programing tools.  
3. Software Developments  
The most important aspect of this project is choosing the right end effector for the painting application. The 
manipulator is programmed based on the functionality of the end effector. Depending on the end effector, the application 
process can be determined and therefore programmed. The end effector (spray gun), and the workobject (Board) is 
designed using the Solidwork software [11], and then imported to Robotstudio as a CAD file for the programming of the 
paths and targets. The Robotstudio Programming of Paths and Targets is shown in Fig. 5. The painting program were done 
using the backup system of the IRB1410 Robot. Afterwards, the digital output configuration of the air compressor was 
created using the Rapid Editor. This is to determine when the air compressor should be on/off. The Input/Ouput Signal 
Declaration Flowchart is shown in Fig. 6. Finally, a backup system of the painting program is created and saved in a flash 
drive. 
 
                                   
Identify Unit Type
Add Unit Add Signal WarmStart
Offline Tab Expand System1 Double Click I/OConfiguration
 
  Fig.5: Robotstudio Programming of Paths and Targets                                                     Fig.6: Input/Ouput Signal Declaration Flowchart 
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The backup painting program is uploaded into the FlexPendant of the IRB1410 Robot connected to the IRC5 
Controller. When the instruction is given to the IRC5 Controller, it sends the information to the manipulation to perform 
the path and target being instructed. The air compressor comes on only when an ON signal is given by the IRC5 controller 
digital output signal to the directional control valve, which then control the flow of air to actuate the spray gun. The spray 
gun goes off when OFF signal is given through the IRC5 digital output signal. When all the paths and targets of the 
program is completed, the robot goes back to its home position.  
The same procedure takes place when that IRB1410 Robot is taught using the FlexPendant on how to follow its paths 
and targets. In this case, no program needs to be uploaded into the system. The FlexPendant generate its program 
according to how the Robot is taught [5, 8, 9]. 
4. Hardware developments  
The hardware design covers the mechanical and Solidwork design of the end effector and its attachment holder and the 
Workobject shown in Fig.7 and Fig. 8 to the IRB1410 Robot,.    
   
Fig.7: End Effector Solidwork Design.                                                            Fig.8: Solidwork Design of Workobject (Wooden Board). 
5. IRB1410 Robot Interfacing   
Interfacing with the robot is the most important aspect of the project and as such is said to be most complicated aspect. 
Monitoring the movement and functionality of the robot and its joint, considering the entire safety factor and ensuring all 
procedure is met, understanding the use of the FlexPendant and how it works with the IRC5 Controller. The end effector is 
mounted on the Robot during interfacing process and the Tool Center Point (TCP) test was performed [7, 8, 9, and 10]. 
The FlexPendant will be used to teach the robot, how to follow the paths and targets of UCSI UNIVERSITY. This will 
be painted as the final project exhibition and the taught program will be used as the final painting robot program. The 
FlexPendant Teaching of paths and Targets is shown in Fig. 9 
5.1. Tool Center Point Test   
Tool center point test can be determined in Robotstudio before being used in programming but when the end effector is 
mounted on the robot, you have to run the tool center point test manually. Test will allow the robot to determine all the 
properties of the end effector and store it on the system. The robot allows you to determine the mass, weight, possible 
movement, tool type, and center of gravity of the end effector. The test usually last for 10 minutes. At which the robot 
makes 18 to 20 different movements, whereby recording the result of the movements, the robot can determine the properties 
and thereby calculating the tool center point [7]. The Mounting of End Effector to IRB1410 Robot is shown in Fig.10. 
               
 Fig.9: FlexPendant Teaching of paths and Targets                                         Fig.10: Mounting of End Effector to IRB1410 Robot 
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6. Results and Discussion  
The robot interfacing also covers testing processing, final paint robot result, and anlaysis of the simulation results. 
 
 
 
 
 
 
 
Fig.11: Robotstudio UCSI Rapid Simulation Result                  Fig.12: UCSI UNIVERSITY Teaching Paths and Targets Simulation Result 
Fig.11 shows the final result of the UCSI program. Based on the result you see there are less accumulation of the paints 
at all paths. Fig.12 shows the result of the UCSI UNIVERSITY rapid code gotten from the teaching program; the result 
shows the robot was able to follow all the paths as taught. In other to get this result, different testing took place. The 
input/output of the robot was declared at the desired position. Delays and Wait Time was declared at the beginning and 
ending of each path and target. By performing several testing, the desired result was obtained. 
7. Conclusion   
The result was able to boost the quality of painting, safety was improved with the usage of all the painting materials, and 
the cost of painting was reduced by using less paint. The integration of all the components of a typical robot was the driving 
factor in achieving the project objective. 
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